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- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). In no event, however, may a reply be timely filed 
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DETAILED ACTION 

This office action is in response to applicants' communication filed in paper # 8, on 
5/29/03. 

Claims 1-40 are pending in this application. 

Applicants' election of Group I, claims 1-19, is acknowledged herewith. Applicants argue 
that invention of group II should be included with group I, as it does not place an undue 
burden on the PTO. This is not found persuasive. As pointed out that invention of group 
II, is drawn to combinatorial library, classified in class 435, as against group I, classified 
in class 564. A reference anticipating compound of Group I, may not render the library 
of group II obvious under 35 USC 103, and hence the restriction requirement is 
deemed proper and is made FINAL. Claims 20-40 stand withdrawn being drawn to 
the non elected invention. 
Applicants' election of single disclosed species is acknowledged and all the 
compounds related to the species will be examined. 

C/a#7n Rejections - 35 USC § 112 

1 . The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

2. Claim 19 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 
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This claim is drawn to the composition, but fails to characterize the kind of the 
composition, thus rendering the claim indefinite. Also acceptable excipient is indefinite, 
in the absence of characterization of the composition. 

Claim Rejections - 35 USC § 102 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

4. Claims 1-3 are rejected under 35 U.S.C. 102(b) as being anticipated by Heath et 
al(US 3,869,499) 

Heath et al, column 4, lines 43-49, anticipates instant claim, especially when, in 
the instant claims, Ar and Ar' are phenyl, Z is hydrogen, X is 0, and T is 0. 

5. Claim 1 is rejected under 35 U.S.C. 102(b) as being anticipated by JP 53092722. 
JP722, title compound(also see English abstract), anticipates instant claim, 

when, Ar and Ar' are phenyl, T is NH, X is 0 and Z is H. 
The species has been found to be free of prior art. 

6. Claims 4-18 are objected to as being dependent upon a rejected base claim, but 
would be allowable to the extent they read on the elected species, if rewritten in 
independent form including all of the limitations of the base claim and any intervening 
claims. 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to SHAILENDRA - KUMAR whose telephone number is 
(571)272-0640. The examiner can normally be reached on Mon-Thur 8:00-5:30, Alt Fri. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Johann Richter can be reached on (571 )272-0646. The fax phone number 
for the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 

SHAILENDRA - KUMAR 
Primary Examiner 
Art Unit 1621 

S.Kumar 
3/2/04 
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[57] ABSTRACT 

Aryloxy derivatives of aromatic diesters and dtnttriles 
are prepared from reaction of a nitro-substituted phe- 
nyl diacid ester or a nitro-substituted phenyl din it rile 
with a metal salt of monovalent or divalent aryloxy 
radicals in the presence of a dipolar aprotic solvent. 
The invention also includes novel compositions of 
matter of a difunctional nature prepared in accor- 
dance with the above-described process. 

8 Claims, No Drawings 
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BIS( DIC Y ANOPHENYL ). ETHERS OF DIHYDRIC 
PHENOLS 

This is a division of application Ser. No. 108,151, 
filed Jan, 20, 1971, now U.S. Pat. No. 3,787,475. 

This invention is concerned with a process for mak- 
ing aryloxy derivatives of aromatic diesters and dini- 
triles, and products derived therefrom. More particu- 
larly, the invention relates to a process which com- 
prises effecting reaction in the presence of a dipolar 
aprotic solvent of a mixture of ingredients comprising 
( 1 ) a benzenoid compound selected from the class con^ 
sisting of 

a. compounds of the general formula 



Z 



b. compounds of the general formula 
Z 



and 




c. compounds of the general formula 
Z 



III 




where the N0 2 group in (a) can be positioned any- 
where on the benzene ring and in (c) the N0 2 group is 
adjacent to a Z radical, and (2) an alkali metal salt of 
an organic compound selected from the class consisting 
of 

(a) compounds of the general formula 



R_0-Alk 



(IV) 



and 



(b) compounds of the general formula 
Alk-O-R'-O-Alk 



(V) 



VI 




0-R r -0 



(b) compounds of the general formula 
Z 



10 



VII 




-R'-O 



15 and 

(c) compounds of the general 
Z 



20 VIII 





40 



45 



where R is a monovalent aromatic radical, R' is a diva- 
lent aromatic radical, Z is either — CN or 

o 

— 6-0 R" t 

where R" is a monovalent hydrocarbon radical of from 
one to 12 carbon atoms, and Alk is an alkali metal 
atom. 

The invention is also concerned with compositions of 
matter selected from the class consisting of 
a. compounds of the general formula 



where each oxygen in (c) is adjacent to a Z radical in 
25 a commonly shared benzene nucleus and where R' and 
Z have the meanings above. 

Aryloxy derivatives of aromatic diac ids have previ- 
ously been prepared by three different methods. The 
most common method consists in effecting a copper- 
30 catalyzed reaction between an alkali metal phenolate 
and a halo aromatic compound followed by oxidation 
of alkyl substituents to carboxylic acid groups. Thus, 
M M. Koton and R S. Florinski in Zh. Org. Khim., 4, 
774 (1968) disclose the preparation of 4,4'-. 
3 ^ dioxyphenylene diphthalic acid by the copper cata- 
lyzed reaction of two equivalents of potassium-4,5- 
dimethylphenolate with 1 ,4-dibromobenzene for 4-5 
hours at 220°-230 D followed by potassium permanga- 
nate oxidation of the methyl groups to carboxylic acid 
groups. This method has two major limitations, the first 
being the known difficulty in reproducing copper- 
catalyzed reactions of alkali metal phenolates with halo 
aromatic compounds and and the high temperatures 
required to effect these reactions, and the second being 
that any group susceptible to oxidation will be oxidized 
along with the groups which are desired to be oxidized. 

A second method for preparation of certain arloxy 
phthalate esters has been disclosed in French Pat. No. 
1,573,736 wherein the sodium salt of dimethyl- 1- 
hydroxyphthalate was caused to react with 4- 
chloronitrobenzene to give dimethyl-4(4-nitrophcnox- 
y)phthalate. The method is obviously limited in scope 
to compounds in which aromatic halogens are highly 
activated toward nucleophilic displacement. The third 
method involves reaction between a primary aromatic 
amine with sodium nitrite to give the diazonium salt fol- 
lowed by reaction of this intermediate with cuprous cy- 
anide to give the aromatic nitrile which may be hydro- 
lyzed to the acid. This reaction seldom proceeds in high 
yield, requires handling of a highly toxic cyanide and is 
prohibitively expensive for large scale syntheses. 

We have without success attempted to effect direct 
reaction between a nitro derivative of an aromatic di- 
acid and an alkali metal phenolate in a dipolar aprotic 
solvent. For example, the reaction of sodium phenox- 
ide and 4-nitrophthalic acid failed to give any product 
corresponding to the formula 



50 



55 



60 



65 



3,869,499 



4 




Unexpectedly, we have discovered that although the 
reaction between sodium phcnolate and the nitro acid 
will not take place with 3-nitrophthaiic acid, ni- 
tro terephthalic acid or 2- or 4-nitroisophthalic acid, we 10 
are able to make aryloxy derivatives of these acids if re- 
action is effected between a metal phenolate, such as 
sodium phenolate, with phthalic, isophthalic or tereph- 
thalic acid when the acid is in the form of a nitro ester, 
for instance, diethyl 4-nitrophthalate or in the form of 15 
the corresponding nit rophthalonit rile. This reaction be- 
tween the metal phenolate and the nitro ester or nitrile 
usually results in high yield of the phenoxy derivative. 
The phthalic, isophthalic or terephthalic acids or com- 
plex derivatives thereof can then be obtained by hydro- 20 
lysis of either the ester group or of the cyano group. In 
the case of the aryloxy phthalic acids, various known 
procedures can be used for conversion to the anhydride 
form. 

By virtue of our invention, we are able to prepare nu- 25 
merous di-, tri- and tetrabasic acids by reaction of a 
compound of formulas I, II or III with a metal salt of 
formulas IV or V. In effecting the above reactions, it is 
important that one use a dipolar aprotic solvent in the 
reaction of either the cyano or ester derivatives of the 30 
compounds of formulas I, II or III. The particular ad- 
vantages of our invention over the prior art are the mild 
conditions under which reactions can be carried out, 
often room temperature is sufficient to effect reaction, 
generally high yield of products are obtained, the com- 35 
mercially attractive potential of synthesizing aromatic 
acids containing oxidizable groups (which is impracti- 
cal to accomplish by presently known prior art meth- 
ods), and ability to produce diacids and dianhydrides 
of a broad scope. 40 

Among the monovalent aromatic radicals (this term 
being intended to include organic radicals containing 
an aryl radical directly attached to oxygen) which R 
may represent are, for instance, monovalent aromatic 
hydrocarbon radicals of from one to 10 carbon atoms, 45 
for instance, aryl (e.g., phenyl, naphthyl, biphenyl, 
etc.); alkaryl (e.g., tolyl, xylyl, ethylphenyl, etc.); other 
organic radicals, e.g., organoxyaryi radicals, for in- 
stance, methoxyphenyl, phenoxyphenyl, ethoxyethox- 
yphenyl, ethoxyphenyl; pyridyl radicals, etc. Typical of 50 
the hydroxy aryl compounds from which metal salts of 
formula IV may be prepared by reaction with e.g., an 
alkali metal, an alkali metal hydroxide or carbonate 
may be mentioned for instance: 

55 



phenol 

2.6-dimethylphenoI . 

o.m and p-cresol 

1- and 2-napthol 

o- and p-phenyl phenol 

ck m-, and p-methoxy phenol 

o-, nv, and p-nitrophcnol 



o-, m-, and p-chlorophenol 
m- and p-aminophenol 
m- and p~acetamidophenol 
m- and p-hydroxy benzoic acid 
m- and p-hydroxy henzonitrile 
3-hydroxypyridine 
3-hydroxyquinoline 
5-hydroxypyrimidine 



60 



Among the divalent aromatic radicals which R' may 
represent are, for instance, divalent aromatic hydrocar- 6S 
bon radicals of from one to 20 carbon atoms, for in- 
stance, phenylenc, biphenylene, naphthylenc, etc. In 
addition R' may be a residue of a dihydroxy diarylene 



compound in which the aryl nuclei are joined by either 
an aliphatic group, a sulfoxide group, sulfonyl group, 
sulfur, carbonyl group, oxygen, the — C(CH 3 )(CH2CH- 
2CO2H) — group, etc. Typical of such diarylene com- 
pounds from which the metal salt of formula V may be 
prepared by reacting the aforesaid diarylene compound 
with two mols of an alkali metal hydroxide may be 
mentioned: 

2,2-bis-( 2-hydroxyphenyI )propane; 

2,4 l -dihydroxydipheny!methane; 

bis-( 2-hydroxyphenyl )-methane; 

2.2- bis-(4-hydroxyphenyl)-propane hereinafter iden- 
tified as "bisphenoI-A" or "BPA;" 

bis-( 4-hydroxy-5-nitrophenyl )-methane; 
bis-(4-hydroxy-2 t 6-dimethyl-3-methoxyphenyl)- 

methane; 
1 , 1 -bis-(4-hydroxyphenyl )-ethane; 
1 , 1 -bis-(4-hydroxy-2-ch!orophenyl)-ethane; 
1 , 1 -bis-(2,5-dimethyl-4-hydroxyphenyl )-ethane; 

1.3- bis-(3-methyl-4-hydroxyphenyl)-propane; 
2,2-bis-( 3-phenyI-4-hydroxyphenyl )-propane; 
2>2-bis-(3-isopropyl-4-hydroxyphenyl)-propane; 
2,2-bis-(4-hydroxynaphthyl)-propane; 

2.2- bis-(4-hydroxyphenyl )-pentane; 

3.3- bis-(4-hydroxyphenyI)-pentane; 
2,2-bis-(4-hydroxyphenyl)-heptane; 
bis-( 4-hydroxyphenyl )-pheny!methane; 
bis-(4-hydroxyphenyl)-cyclohexylmethane; 

1 ,2-bis-( 4-hydroxyphenyl)- 1 ,2-bis-( phenyl )- 
propane; 

2,2-bis-(4-hydroxyphenyl)-l-phenylpropane; 

2,4-dihydroxybenzophenone; 
4,4'-dihydroxydiphenyl sulfone; 
2 ,4 '-dihydroxydiphenyl sulfone ; 
5'-chloro-2,4'-dihydroxydiphenyl sulfone; 
3'-chloro-4,4'-dihydroxydiphenyI sulfone; 
4,4'-dihydroxytriphenyl disulfone; 
4,4'-dihydroxydiphenyI ether; 
4,4 / -dihydroxydiphenyl sulfide; 
4-hydroxy-o-biphenyl ether; 

the 4,3 '-,4,2'-, 4,1'-, 2,2'- 2,3'-, etc. dihydroxydiphe- 
nyl ethers; 

4,4'-dihydroxy-2,6-dimethyldiphenyl ether; 
4,4'-dihydroxy-2,5-dimethyldiphenyl ether; 
4,4'-dihydroxy-3,3'-diisobutyIdiphenyl ether; 
2-methy l-2-carboxy-bis-( 4-hydroxyphenyl )-propane; 
4,4'-dihydroxy-3 ,3 '-diisopropyldiphenyl ether; 
4,4'-dihydroxy-3 ,2 '-dinitrodiphenyl ether; 
4,4'-dihydroxy-3,3'-dichlorodiphenyI ether; 
4,4'-dihydroxy-3,3'-difluorodiphenyl ether; 4,4'- 

dihydroxy-2,3'dibromodiphenyl ether; 
4,4'-dihydroxydinaphthyl ether; 
4,4'-dihydroxy-3,3'-dichIorodinaphthyl ether; 

2.4- dihydroxytetraphenyl ether; 
4,4'-dihydroxypentaphenyI ether; 
4,4'-dihydroxy-2,6-dimethoxydiphenyl ether; 
4,4'-dihydroxy-2,5-diethoxy-diphenyl ether, etc., di- 

hydric phenols substituted on the aryl nucleus with 
alkyl, alkenyl, cycloaliphatic, cycloalkenyl, aryl, 
alkaryl, numerous examples of which have been 
given above as well as the dihydroxy toluenes, the 
dihydroxy xylenes dihydroxy pyridines, dihydroxy 
anthraquinones, dihydroxy benzoic acids, dihy- 
droxy benzophenones, etc. 
The R and R' radicals can also have inert substituents 
on the aryl nuclei, for instance, monovalent hydrocar- 
bon radicals such as methyl, ethyl, cycloaliphatic radi- 
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cals (for instance, cyclopentyl, cyclohexyl etc.), etc.; compound required to form the metal salts of formulas 

aryl radicals, e.g., phenyl, biphenyl, etc., radicals; alka- IV or V. 

ryl radicals, e.g., tolyl, ethylphenyl, etc., radicals; aral- The conditions of reaction whereby the metal salts of 
kyl radicals, e.g., benzyl, phenylethyl, etc., radicals. formulas IV and V are reacted with the compounds of 
The substituent on the aryl radical accordingly can be 5 formulas I, II or HI can be varied widely. Generally, 
any one which does not constitute or contain an atom temperatures of the order of about 20°- 1 50° C. are ad- 
or radical reactive with the alkali-metal salt of either vantageously employed, although it is possible to em- 
formula IV or formula V. ploy lower or higher temperature conditions depending 
Since the radical R" may eventually be removed on the ingredients used, the reaction product sought, 
through hydrolysis techniques in order to obtain a car- 10 ti me of reaction, solvent employed, etc. In addition to 
boxy group, R" is a monovalent hydrocarbon radical of atmospheric pressure, superpressures and sub- 
frpmoneto 1 2 carbon atoms which is not critical in the atmospheric pressures may be employed depending 
process herein described. Thus, R" may be an alkyl u P on the otner conditions of reaction, the ingredients 
radical, for instance, methyl, ethyl, propyl, isobutyl, used > * e speed at which it is desired to effect reaction, 
hexyl, 2-ethylhexyl, etc.; an aryl radical, for instance, ^ etc * 

phenyl, biphenyl, etc.; an aralkyl radical, for instance, The time of reaction also can be varied widely de- 
benzyl, phenylethyl, etc.; an alkaryl radical, for in- pending on the ingredients used, the temperature, the 
stance, tolyl, ethylphenyl, etc. Preferably R" is an alkyl desired vieId ' etc - ,l has been found that times var y in S 
radical of from two to four carbon atoms. „ ft fr ° m a few m t imjtes t0 * much « 30 to 40 hours are 

The means whereby the process of the present inven- 20 advantageously employed to obtain the maximum 

tion may be practiced and compositions herein defined ^ Thereafter the reaction product can be treated m 

obtained can be varied widely and to a considerable ex- manne / r ^ u ' red ^V**"* ? reci P ItJ ? ,on a " d/or s <f 

tent depend on whether a monoalkali metal salt of the ar * ilon of the desired react ' on P roduct * Generally, 

general formula IV or a dialkali metal salt of the gen- „ common solvents such as diethyl ether, water, etc., are 

eral formula V are employed. When a monoalkali 25 ^ployed for the purpose. For purification purposes, 

metal salt of formula IV is used, generally 1 mol of the the final P ro ,?" ct can be or ^crystallized in 

. „ i r *u a etr I i it M m manners well known in the art. 

latter per mol of the compound of formulas I, II or III . . . ^ ^ * t . . . . 

. ^ , , X . - . # . , ' - c It is important that the reaction between the com- 

is advantageously used. Obviously the molar ratio of . /_ . . If .„ ... 4 . l4 fr 

. • _.• i_ ■ j -j-i ji pounds of formulas I, II or III and the metal salts of for- 

these two ingredients may be varied widely and broadly ™ r . „. , r , • j ■ . • *u c a- 

e „ J . ; , f r u mulas IV or V be carried out in the presence of a dipo- 

from I to up to 3 or more mols of the metal salt of for- , ^ . -pl. . lt „„, rtf - 

, „, r , ^ , , . . , j. r lar aprotic solvent. The term dipolar aprotic solvent 

mu a IV per mol of the benzeno.d compound of for- fc intended %o ^ organic solvent which has no 

mula I can be employed. Generally no advantage is ob- actiye rotons which interfere whh ^ rcaction 

tamed in using an excess of the metal salt with the ex- herein described As wi|] be evident to those skilIed in 

ception that the reaction may be promoted m the direc- 3 5 the ^ any dipolar aprotic solvent which is capabIe of 

tion of higher yields and greater completion dissolving the reactants and causing intimate contact of 

On the other hand when dialkali metal salts of for- ^ reaction ingredienls may be usecL 

mula V are used with the benzenoid compound of for- Among tfae preferred aprotic so i vents which may be 

mulas I, II or III, the molar ratio is advantageously at employed in the practice of this invention are non-acid, 

least 2 mols of the compound of general formula I, II 40 0X ygen-containing, nitrogen-containing organic sol- 

or III per mol of the metal salt of formula V. Excess vents mclude but are not Umited to for in . 

molar quantities of the compound of formulas I, II or sta nce, N,N -dimethylacetamide, N-methylpyrrolidone, 

II! over the molar quantity of the metal salt of formula N N -dimethyiformamide, dimethylsulfoxide, etc. 

V may be employed without departing from the scope Xhe amount of solvent used in the reaction mixture 

of the invention; thus from 2 to 4 or more mols of the 45 may be var ; ed widely. Generally, on a weight basis, one 

compound of formulas I, II or III may be used per mol can employ from 0.5 to 50 or more parts of the solvent 

of the metal salt of formula V. per part of total weight of the reactants, namely, the 

In making the metal salts of formulas IV and V, it is compounds of formulas I, II or III and the metal corn- 
sometimes advantageous to preform these salts by re- pounds of formulas IV or V. The amount of solvent is 
acting the corresponding monohydroxy organic com- 50 no t critical, but generally we have found that on a 
pound or dihydroxy organic compound with an alkali- weight basis one can employ from 2 to 20 parts of the 
metal hydroxide such as sodium hydroxide, potassium solvent per part of the total weight of the compounds 
hydroxide, etc. For instance, sodium phenate may be of formulas I, II or HI and the metal compounds of for- 
obtaincd by reacting in a manner well known in the art, mu i a IV or V. 

1 mol sodium hydroxide per mol of phenol. By the [ n order that those skilled in the art may better un- 

same token, the dialkali salt of bisphcnol-A may be ob- derstand how the present invention may be practiced, 

tained, for instance, by reacting 2 mols of sodium hy- the following examples are given by way of illustration 

droxide per mol of bisphenol-A. Persons skilled in the and not by way of limitation. Unless otherwise stated, 

art will have no difficulty in determining how to make ^ all parts are by weight, 
the alkali-metal salts of formulas IV and V for use with 

the compounds of formulas I, II or III. hAAMFLb 1 

Alternatively, the phenol or bisphenol may be con- A mixture of 1.034 grams (0.01 1 mol) phenol, 0.4 

verted to its alkali metal salt during reaction with com- gram (0.01 mol) sodium hydroxide (0.7905 gram of 

pounds of formulas I, II or III by addition of an alkali 65 50.6 percent aqueous solution), 20 ml. dimethylsulf- 

metal carbonate in adequate molar concentrations to a oxide (DMSO), and 10 ml. toluene was stirred at reflux 

reaction mixture composed of the compound of for- temperature under nitrogen over a Dean-Stark trap for 

mula I, II or HI and the precursor hydroxy aromatic 4 hours. The reaction mixture was cooled to 100° C, 



3,869,499 



8 



2.67 grams (0.01 mol) diethyl 4-nitrophthalate was 
added and the solution was stirred under nitrogen at* 
mosphere at 100°- 110° C. for 3 hours. The reaction 
mixture was poured into 300 ml. of water and the prod- 
uct was extracted into ether. The ether extracts were 
combined, washed with water, 1 percent sodium hy- 
droxide aqueous solution, dried with sodium sulfate, 
filtered, and the ether was removed^ The product was 
distilled at 150°-160°C. (0.15 mm) to yield 3.0 grams 



nitrophthalate, 0.525 gram (0.00375 mol) potassium 
carbonate, and 10 ml. dry DMSO was stirred under a 
nitrogen atmosphere at about 1 10 p C. for 48 hours and 
then allowed to cool. The reaction mixture was poured 
into water and the product was extracted into ethyl 
ether. The ether extract was washed with water, dried 
with sodium sulfate, filtered, and the ether was re- 
moved to leave an oily liquid which was distilled at 
200°-210°C.(0.1 mm)togive 1 .18 grams (96 percent) 



(95.5 percent yield) of a liquid which was identified by 10 of a liquid which crystallized slowly on standing at 



infra red examination and by elemental analyses as di- 
ethyl 4-phenoxyphthalate. 





Found 


Calculated 




68.2 


68.8 


<2H 


5.86 


5.74 



room temperature. The distilled product was recrystal- 
lized from ethanol-water to give long white needles 
which had a melting point of 74°-76° C. This material 
was identified by infra red, nmr and by elemental analy- 
15 ses as diethyl-4-(4-aminophenoxy)phthalate. 



25 



EXAMPLE 2 

To 10 ml. anhydrous DMSO was added 0.119 gram 
(0.001 mol) 2-cyanophenol, 0.173 gram (0.001 mol) 
4-nitrophthalonitrile and 0.138 gram (0.001 mol) 
anhdyrous potassium carbonate. After stirring for 20 
hours at room temperature, the reaction mixture was 
poured into water. Extraction of the product into ether 
followed by drying of the extract with sodium sulfate, 
solvent removal and recrystallization from ethanol- 
water gave 0.168 gram (69 percent) 2,3',4'- 
tricyanodiphenylether, melting point 1 34°-l 36° C. The 
product was identified by its spectroscopic properties, 
infra red, and by mass spectral analysis. 

EXAMPLE 3 

To 10 ml. anhydrous DMSO were added 0.122 gram 
(0.001 mol) 4-hydroxybenzaldehyde, 0.173 gram 
(0.001 mol) 4-nitrophthalonitrile and 0.138 gram 
(0.001 mol) anhydrous potassium carbonate. After 
stirring for 20 hours at room temperature, the reaction 
mixture was poured into water and the product ex- 
tracted into ether. Drying of the extract with sodium 
sulfate and solvent removal gave an oily residue which 
crystallized on standing. Recrystallization from 
ethanol-water gave 0.149 gram (60 percent yield) of 
4-carboxaIdehydo-3 \4'-dicyanodiphenylether, melting 
point 144°- 146° C. The product was identified by its 
spectroscopic properties and by mass spectrum. 

EXAMPLE 4 

A mixture of 1.09 grams (0.01 mol) 3-aminophenol, 
2.67 grams (0.01 mol) diethyI-4-nitrophthalate, 1.38 
grams (0.01 mol) potassium carbonate, and 20 ml. 
DMSO was stirred under a nitrogen atmosphere at 100° 
C. for 24 hours and was then allowed to cool. The 
DMSO solution was poured into water and the product 
was extracted into ether. The ether extract was washed 
with water, dried with sodium sulfate, filtered, and the 
ether was removed to leave an oily liquid. Distillation 
of this liquid at 220°C. (0.15 mm) gave 2.1 grams (64 
percent) of liquid diethyI-4-(3-aminophenoxy)phtha- 
late, whose identity was established by infra red and 
nmr. 

EXAMPLE 5 65 

A mixture of 0.41 gram (0.00375 mol) 4- 
aminophenol, 1 gram (0.00375 mol) diethyl 4- 
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Calculated 


20 


<7tC 


66.3 


65.6 






5.93 


5.78 




%N 


4.60 


4.26 



EXAMPLE 6 



A mixture of 0.94 gram (0.0 1 mol) phenol, 0.40 
gram (0.792 gram) 50.5 percent aqueous solution, 0,0 1 
mol) sodium hydroxide, 20 ml. of anhydrous DMSO 
which had been sparged with nitrogen, and 10 ml. of 
benzene was stirred at reflux under nitrogen over a 
Dean-Stark trap for 4 hours and the benzene was re- 
moved by distillation. The DMSO solution was cooled 
to 50° C. and 1.73 grams (0.0 1 mol) of 4- 
nitrophthalonitrile was added. The mixture was stirred 
^ under nitrogen at room temperature for ! 5 minutes and 
was then poured into 100 ml. of water. The product 
was extracted from the aqueous solution into ether and 
the ether extract was washed with water, dried with so- 
dium sulfate and filtered. The ether was removed to 
40 leave a white solid which was distilled at 1 55°- 165° C. 
(0.15 mm) to give 2.10 grams (95.5 percent of pale 
green solid. Recrystallization from absolute ethanol 
gave white needles which were filtered and dried "in 
vacuo;'* melting point 100°-101° C. This product was 
45 identified as 4-phenoxyphthalonitrile by infra red and 
by elemental analyses. 



50 




Found 


Calculated 




%C 


76.3 


76.4 






3.60 


3.64 




%N 


12.7 


12.72 



55 



60 



EXAMPLE 7 

A mixture of 2.78 grams (0.02 mol) 3-nitrophenol, 
3,46 grams (0.02 mol) 4-nitrophthalonitrile, 2.76 
grams (0.02 mol) anhydrous potassium carbonate, and 
20 ml. dry nitrogen-sparged DMSO was stirred under 
nitrogen at room temperature for 4 hours and the reac- 
tion mixture was then poured into 100 ml. of water. 
The product was extracted into methylene chloride 
which was washed with water, dried with sodium sul- 
fate and filtered. The solvent was distilled to leave a 
white solid which upon distillation at 180°-230° C. 
(0.1-0.05 mm) gave 5.23 grams of a solid which was 
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recrystallized from acetonitrile to give 3.65 grams (69 
percent) of fine pale blue-green needles, melting point 
1 67°- 1 68° C. This product was identified as 4-( 3-nitro- 
phenoxy)phthalonitrile by infra red and by elemental 
analyses. 



Found 



Calculated 



63.4 
2.60 
16.0 



63.4 
2.64 
15.85 



EXAMPLE 8 

A sodium phenoxide solution in dimethyl sulfoxide 
(DMSO) was prepared by addition of 0.94 gram (0.01 
mol) phenol to 0.8 gram (0.01 mol) 50 percent aque- 
ous sodium hydroxide in 20 ml. DMSO and warming to 
70° C. Toluene, 20 ml. was added and water was re- 
moved by azeotropic distillation. The system was main- 
tained in a nitrogen atmosphere. When the solution was 
anhydrous, toluene was distilled out and 2.67 grams 
(0.01 mol) diethyl nitroterephthalate was added. After 
heating for 6 hours at 100° C., the solution was poured 
into water and the product extracted into ether. The 
extract was dried with sodium sulfate, concentrated to 
small volume and distilled in a kugelrohr. The fraction 
which distilled at 150-160° C./0.1 mm weighing 2.6 
grams (86 percent) was collected. This product was 
identified as diethylphehoxyterephthalate by nmr and 
by mass spectrum. 

EXAMPLE 9 

A sodium phenoxide solution in dimethylsulfoxide 
prepared similarly as in Example 8 was mixed with 20 
ml. toluene and water was removed by azeotropic dis- 
tillation while the system was maintained in a nitrogen 
atmosphere. When the solution was anhydrous, toluene 
was distilled out and 2.67 grams (0.01 mol) diethyl-2- 
nitroisophthalate was added. After heating for 3 hours 



l,4-Bis(3,4-dicarboethoxyphenoxy)benzene was pre- 
pared as follows. A mixture of 2.67 grams (0.0 1 mol) 
diethyI-4-nitriphthalate, 0.55 gram (0.005 mol) hydro- 
quinone, 1.38 grams (0.01 mol) potassium carbonate, 

5 and 20 ml. dry DMSO was stirred under nitrogen at 
100° C. for 48 hours. The reaction mixture was poured 
into water and the product was extracted from the 
aqueous solution into diethyl ether. The ether extract 
was washed with water, I percent hydrochloric acid so- 

10 lution, 1 percent sodium hydroxide solution, treated 
with decolorizing carbon, dried with sodium sulfate, fil- 
tered, and the ether removed. The produce was dis- 
tilled at 220°-250° C. (0, 1 mm) to give 1 .45 grams (53 
percent) of oil which was dissolved in 30 ml. of warm 

15 absolute ethanol and the product separated from solu- 
tion at 0° C. as fine white needles which were filtered 
cold and dried "in vacuo," melting point 48°-50° C. 
Identity of the product was established by infra red and 
by elemental analyses. 
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65.4 


65.5 






5.58 


5.46 


25 




EXAMPLE 12 





Bis(3,4-dicyanophenyl)ether of bisphenol-A was pre- 
pared as follows. A mixture of 1 .71 grams (0.0075 mol) 
bisphenol-A, 0.6 gram (1.1881 grams 50.5 percent 
30 aqueous solution, 0.015 mol) sodium hydroxide, 20 ml. 
nitrogen-sparged DMSO, and 15 ml. benzene was 
stirred at reflux under nitrogen over a Dean-Stark trap 
for 4 hours and the benzene was then removed by distil- 
lation. The reaction mixture was cooled to room tem- 
35 perature and 2.595 grams (0.015 mol) 4- 
nitrophthalonitrile was added. The mixture was stirred 
under nitrogen at room temperature for 1 .5 hours and 
was then poured into 100 ml. of water. The product 
which separated from the aqueous solution as a white 
at 100° C, the solution was poured into water and the 40 powder was extracted into methylene chloride and the 
product extracted into ether. The extract was dried extract was washed with water, dried with sodium sul- 
with sodium sulfate, concentrated to small volume and fate, and filtered. The solvent was removed and the res- 
distilled in a kugelrohr. The fraction which distilled at idue was recrystallized from toluene/hexane solution to 
150°-160° C. weighing 2.75 grams (91 percent) was. give 3.1 grams (86 percent yield) of a white grannular 
identified as diethyl-2-phenoxyisophthalate by nmr and 45 solid, melting point 195°-196° C. This product was 
mass spectrum. identified as the above compound by infra red and by 

elemental analyses. 

EXAMPLE 10 

To 10 ml. DMSO were added 1.34 grams (0.005 
mol) diethyl 4-nitrophthalate and 0.68 grams (0.01 
mol) sodium ethoxide. The resultinng solution was 
stirred for about 1 8 hours and then poured into water. 
The product was extracted into ether and the extract 
was dried with sodium sulfate. Solvent removal left an 

CN 



50 
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77.6 


77.5 


%n 


4.24 


4.17 




11-8 


1 1 .66 



This compound had the formula 



CN 



CN CN 

-<0>- o -<g>- c ( cH 3 ) 2 ^g)-o -^y 



CN 



oil which was distilled at 1 70° C./0. 1 mm to give 0.60 
gram (45 percent) diethyl-4-ethoxyphthalate whose 
identity was established by nmr. 

EXAMPLE 1 1 



The four cyano groups can be hydrolyzed in a manner 
wellknown in the art to give the corresponding tet- 
racarboxy derivative. Dehydration of the tetracarboxy 
derivative yields the corresponding dianhydride having 
the formula 

0=C-0 



C(CH 3 ) 





11 
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EXAMPLE 13 

i,4-Bis(3,4-dicyanophenoxy)benzene was prepared 
by first forming a mixture of 1.10 grams (0.01 mol) hy- 
droquinone, 3.56 grams (0.02 mol) 4- 
nitrophthalonitrile, 2.76 grams (0.02 mol) anhydrous 
potassium carbonate, and 15 ml. of dry, nitrogen- 
sparged DMSO. This was stirred under nitrogen at 
room temperature for 24 hours and the mixture was 
poured into 200 ml. of water. The precipitate was fil- 
tered, washed with water, dried "in vacuo" and dis- 
solved in 250 ml. boiling acetonitrile. The product crys- 
tallized from the acetonitrile as fine pale blue needles 
amounting to 2.2 grams (61 percent yield). The crystal- 
lized product was distilled at 300-310° C. (0.05 mm) 
to yield an oil which solidified on cooling. This solid 
material was recrystallized from acetonitrile to give 2. 1 
grams of the desired compound, melting point 
255°-257° C. whose identity was established by infra 
red and by elemental analyses. 



EXAMPLE 15 

A mixture of 0.723 gram (0.005 mol) 2- 
chlorohydroquinone, 1.73 grams (0.0 1 mol) 4- 

5 nitrophthalonitrile, 1.38 grams (0.0 1 mol) potassium 
carbonate, and 15 ml. dry nitrogen-sparged DMSO was 
stirred under a nitrogen atmosphere at room tempera- 
ture for 40 hours. The solution was poured into water 
and the precipitate which separated was isolated by fil- 

10 tration, washed with water, dried "in vacuo", and dis- 
tilled at 230° C. (0.05 mm) to give 1.8 grams (^per- 
cent yield) of an oily liquid which solidified on cooling 
to form a white solid. The distilled product was recrys- 
tallized from acetonitrile to give fine white needles, 

15 melting point 2O4°-205.5° C. The product was identi- 
fied as 2-chloro- 1 ,4-bis-( 3 ,4dicyanophenoxy )benzene 
by infra red and by elemental analyses. 



Pound 



Calculated 



<*C 



72.7 
2.70 
15.6 



72.9 
2.75 
15.45 



When the tetracyano compound is hydrolyzed to yield 
the corresponding tetracarboxy derivative, and the lat- 
ter dehydrated, one obtains a compound having the 
formula 



0— 00 



0=C — 0 
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25 
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Calculated 



#C 



66.3 
2.2 

14.1 
8.7 



66.6 
2.27 
14.11 

8.95 



EXAMPLE 14 

A mixture of 0.93 gram (0.005 mol) 4,4'- 
dihydroxybiphenyl, 0.4 gram (0.792 gram of 50.5 per- 
cent aqueous solution, 0.01 mol) sodium hydroxide, 20 
ml. nitrogen-sparged DMSO, and 20 ml. benzene was 
stirred under a nitrogen atmosphere at reflux tempera- 
ture over a Dean Stark trap for 1 8 hours and the ben- 
zene was then removed by distillation. The mixture was 
cooled to room temperature, 1.73 grams (0.01 mol) 4- 
nitrophthalonitrile was added, and stirring under nitro- 
gen at 25° C. was continued for 40 hours. The mixture 
was poured into 200 ml. of water and the product, a 
white granular solid, was filtered and washed with wa- 
ter. Rccrystallization from acetonitrile gave 2.10 grams 
of product (96.0 percent yield), melting point 
233°-233.5° C. The identity of the product as 4,4'-bis- 
(3,4-dicyanophenoxy)biphenyl was established by infra 
red and by elemental analyses. 



EXAMPLE 16 

A mixture of 1.25 grams (0.005 mol) 4,4'- 

30 dihydroxydiphenyl sulfone, 0.4 gram (0.791 gram 
50.5percent aqueous solution, 0.01 mol) sodium hy- 
droxide, 20 ml. nitrogen -sparged DMSO, and 20 ml. of 
benzene was stirred under nitrogen atmosphere at re- 
flux over a Dean Stark trap for 18 hours and the ben- 

35 zene was removed by distillation. The mixture was 
cooled to room temperature and i .73 grams (0.0 1 mol) 
of 4-nitrophtha!onitriIe was added and stirring was con- 
tinued at room temperature (about 26°-28° C.) in air 
for 40 hours. The homogeneous solution thus obtained 

40 was poured into 200 ml. of water and the precipitate 
which separated was isolated by filtration, washed with 
water, dried "in vacuo" and recrystallized from aceto- 
nitrile. The product separated from the cooled solution . 
as golden needles and was filtered and dried "in vacuo" 

45 to give 1.5 grams (60percent) yield, melting point 
229°-230° C. of 4,4'-bis-(3,4-dicyanophenoxy)diphe- 
nylsulfone. The product was identified as such by infra 
red and by elemental analyses. 
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6.38 
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76.4 


76.74 




3.1 


3.20 


#N 


12.7 


12.38 



EXAMPLE 17 

A mixture of 1.01 grams (0.005 mol) 4,4'-dihydrox- 
ydiphenyloxide, 0.4 gram (0.792 gram 50percent aque- 
ous solution, 0.01 mol) sodium hydroxide, 20 ml. nitro- 
gen-sparged DMSO, and 20 ml. benzene was stirred 
under nitrogen at reflux over a Dean Stark trap for 1 8 
65 hours and the benzene was removed by distillation. 
After cooling to room temperature, 1-73 grams (0.0 1 
mol) of 4-nitrophthalonitriIe was added and the mix- 
ture was stirred under nitrogen at room temperature 
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for 15 hours and then poured into 200 ml. of water. 
The product was extracted from the aqueous solution 
into methylene chloride. The extract was washed with 
water, dried with sodium sulfate, filtered, and the sol- 
vent was removed to leave a white solid which was re- 
crystallized from aqueous acetonitrile to give 1 .6 grams 
(58percent yield) of white needles. This product was 
identified as 4,4'-bis~(3,4-dicyanophenoxy)di- 
phenyloxide by infra red and by elemental analyses. 



was extracted into ether. The extract was washed with 
water, dried over sodium sulfate and concentrated. Dis- 
tillation of the residue at 250° C/0.1 mm gave 0.60 
gram (55percent) of t,4-bis-(2,6-dicarboethoxy- 
phenoxy) benzene which crystallized on cooling, melt- 
ing point 102°-103°C., and was identified by infra red, 
nmr spectra and by elemental analyses. 



10 
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Found 



Calculated 



65.3 
5.42 



65.4 
5.45 



#C 



74.4 
3.1 
12.4 



74.1 
3.09 
12.3 
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This compound had the formula 
G0 2 C 2 H 5 



EXAMPLE 18 

A mixture of 1.22 grams (0.01 mol) 3,4-dimethyl 
phenol, 0.4 gram (0.792 gram 50.5percent aqueous so- 
lution, 0.01 mol) sodium hydroxide, 15 ml. nitrogen- 
sparged DMSO, and 15 ml. benzene was stirred at re- 
flux under nitrogen over a Dean Stark trap for 4 hours 
and the benzene was removed by distillation. The reac- 
tion mixture was cooled to 40° C. and 2.67 grams (0.0 1 
mol) diethyl 4-nitrophthalate in 5 ml. dry, nitrogen- 
sparged DM SO was added and the mixture was stirred 
under a nitrogen atmosphere at room temperature for 
64 hours. The reaction was quenched by pouring into 
water and the product, which separated as an oil, was 
extracted into diethyl ether. The ether extract was 
washed with water, aqueous sodium bicarbonate solu- 
tion, dried with sodium sulfate, filtered, and the ether 
was removed to leave a yellow oil. Distillation of this oil 
at 165°- 1 75° C. (0.025 mm) gave 3.0 grams (88per- 
cent) of a liquid identified by infra red and by nmr as 
4-(3,4^dimethylphenoxy)diethylphthalate. 

EXAMPLE 19 

To a mixture of 1.73 grams (0.010 mol) 4- 
nitrophthalonitrile, LOO gram (0.005 mol) 4,4'- 
methylenediphenol and 1.38 grams anhydrous potas- 
sium carbonate was added 10 ml. nitrogen-sparged 
DM SO. The resulting mixture was stirred for about 1 8 
hours at room temperature and then poured into water. 
The white precipitate which formed was collected and 
recrystallized from ethanol-water to give 2.0 grams 
(80perccnt yield) 4,4'-bis(3,4-dicyanophenoxy)- 
diphenylmethane The identity of this compound was 
identified by infra red and by elemental analyses. 



C0 2 C 2 H 5 
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25 




EXAMPLE 21 



To a mixture of 2.67 grams (0.010 mol) diethyl ni- 
troterephthalate, 0.55 gram (0.005 mol) hydroquinone 
and L38 grams (0.010 mol) potassium carbonate was 
added 20 ml. nitrogen-sparged DMSO. The resulting 
30 mixture was heated for 48 hours at 100° C. and then 
poured into water. The product separated as an oil and 
was extracted into ether. The extract was washed with 
water, dried over sodium sulfate and concentrated to 
small volume. Distillation of the residue at 250° C./0.1 
35 mm gave 0.75 gram (27percent) of l,4-bis(2,5- 
dicarboethoxyphenoxy) benzene which crystallized on 
cooling, melting point 1 24°- 125° C, and was identified 
by infra red, nmr spectra and by elemental analyses. 
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The compound had the formula 
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EXAMPLE 20 

To a mixture of 1.07 grams (0.004 mol) diethyl2- 
nitroisophthalate, 0.22 gram (0.002 mol) hydroqui- 
none and 0.55 gram (0.004 mol) potassium carbonate 
was added 1 0 ml. nitrogen-sparged DMSO. The result- 
ing mixture was heated at 1 00° C. for 48 hours and then 
poured into water. The product separated as an oil and 



EXAMPLE 22 

Employing the same conditions as are recited in Ex- 
amples I and 6, other compositions can be prepared by 
sutstituting other reactants of formulas I, II or III in 
place of the corresponding reactants in these examples, 
and other reactants of formula IV in place of the corre- 
sponding metal salts used in these earlier examples. 
The foillowing Table I recites some of the reactants 
which can be employed to form these compositions. 
^ The heading "Reactant A" corresponds to the com- 
pound of formula I, II or III which can be used and the 
heading "Reactant B" corresponds to the precursor hy- 
droxy compound of formula IV. The products derived 
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from the reaction of Reactants A and Reactants B are 
found under the heading "Product" in said Table I. In 
all tables, the designation "Et" is intended to mean the 
— C2H.1 radical. 

TABLE I 
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latter two examples. The following Table II recites 
some of the reactants which can be employed to form 
products coming within the scope of formula VI. The 
definitions of u Reactant A," "Reactant B," "Product" 



Sample 
No. 



Reuctant A 



1 Diethyl-4-nitrnphthulatc 

2 Diethyl- 3-nitrophlhalate 

3 4-Nitrophthulonitrile 

4 3-Nitrophthalonitrilc 

5 Diethyl-nitroterephthalate 

6 Nitroterephlhalonitrile 

7 Diethtyt-2-nitroisophthalutc 

8 Diethyl-4-nitroisophthuIutc 

9 2-NitroUophthalonrtrile 
JO 4-Nitroisnphthalonttrile 



Reuctant B 



p-Phenylphenol 

p-Chlorophenol 

p -Crcso I 

p-AminophcnoI 

m -Hydroxy ben zoic Acid 

3-Nitrophenol 

p-Hydroxy benzoic Acid 

Same as 5 

p-Hydroxybenzaldehydc 
p-NitrophenoI 



Pnnluct 



Diethy1-4-{ 4-phenylphenoxy)phthalate 
Diethyl-3-< 4-chlnrophcnoxy )plithulatc 
4-( 4-Mcthytphenoxy Jphihalonitrilc 

3- ( 4-Aminophenoxy )phthalonitrile 
Diethyl-4-ca rhoxy phe noxy te reph tha lute 

4- Nitrophcnoxytcrephthuionitrile 
Diethyl-2-( 4-carboxyphcnoxy )isophthalate 
Diethyl-4-( 3-carhoxyphenoxy )isophthalatc 

2-( 4-carboxaldehydophenoxy Jisophthalonitrile 
4-{ 4-nitrophenoxy Jisophthalonitrile 



EXAMPLE 23 

Employing the same conditions as recited in Exam- 
ples 11 and 12, other compositions can be prepared 
coming within the scope of formula VI, substituting 
other reactants of formula I in place of the correspond- 
ing reactant in Examples 11 and 12, and other reac- 
tants of formula V in place of the metal salts used in the 



and the designation "Et" are the same as those recited 
20 for the equivalent terms in Example 22. 

EXAMPLE 24 

Employing the same conditions as recited in Example 
25 21, other compositions can be prepared coming within 
the scope of formula VII, substituting other reactants 
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40 



45 
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which can he employed to form products coming 
of formula II in place of the corresponding reactant in 65 within the scope of formula VII. The definitions of "Re- 
Example 21, and other reactanats of formulae V in actant A," "Reactant B t " "Product" and the designa- 
place of the metal salt used in the earlier Example 21. tion "Et" are the same as those recited for the equiva- 
The following Table HI recites some of the reactants lent terms in Example 22. 



19 



3,869,499 



20 



•3 

O 

u 
p. 




3 -o~3 



o 

0) 

p. 

m 
i-i 



to 
(d 



0= cj> 




CO 



CO 

td 

a) 
B 

CO 



td 

0) 



td 
a) 

§ 

cn 



o 

CM 




CD 

c 
o 
c 

-rl 

cr 
o 
u 

PC 



CO 

cd 



to 




cd 

92 



co 
cd 

a) 

§ 

CO 



CN 



& 

a 
-a 

X 

o 

U <u 

x: x 
o 

a 



CO 

co 

0) 

§ 

CO 



EXAMPLE 25 

Employing the same conditions as recited in Example 
20, other compositions can be prepared coming within ^ 
the scope of formula VIII, substituting other reactants 
of formula HI in place of the corresponding reactant in 
Example 20, and other reactants of formula V in place 



of the metal salt used in the earlier Example 20. The 
following Table IV recites some of the reactants which 
can be employed to form products coming within the 
scope of formula VIII. The definitions of "Reactant A," 
"Reactant B," "Product" and the designation "Et^ are 
the same as those recited for the equivalent terms in 
Example 22. 
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The following examples illustrate the unsuccessful 55 
attempts to make arloxy derivaatives of aromatic diac- 
ids by direct reaction of a metal phenolate with the 
nitro diacids instead of the nitro esters or nitro nitriles 
as is called for in the present invention. 



60 



EXAMPLE A 



To a solution of 1.16 grams (0.010 mol) sodium 
phenoxide in 10 ml. DMSO was added 0.70 gram 
(0.003 mol ) 4-nitrophthalic acid and the resulting solu- 65 
tion was heated for 24 hours at 100° C. A portion of the 
solution was withdrawn, neutralized with hydrochloric 
acid and bistrimethylsilylacetamide was added. Gas- 



liquid chromatography of the solution showed only the 
bistrimethylsilyl ester of 4-nitrophthalic acid. Not even 
trace amounts of the bistrimethylsilyl ester of 4- 
phenoxyphthalic acids were obtained. Continued heat- 
ing for an additional 24 hours at 100° C. also failed to 
show any evidence of the formation of 4- 
phenoxyphthalic acid. 

EXAMPLE B 

To a solution of 1.16 grams (0.101 mol) sodium 
phenoxide in 10 ml. DMSO was added 0.70gram 
(0.003 mol) nitroterephthalic acid and the resulting so- 
lution was heated for 24 hours at 100° C. A portion of 
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the solution was withdrawn, neutralized with hydro- 
chloric acid and bistrimethylsilylacetamide was added. 
Gas-liquid chromatography of the solution showed only 
the bistrimethylsilyl ester of riitroterephthalic acid indi- 
cating that no phenoxyterephthalic acid had formed. 
Continued heating for an additional 24 hours at 100° C. 
again failed to produce any of the latter compound. 

EXAMPLE C 

To a solution of 1.16 grams (0.010 mol) sodium 
phenoxide in 10 mi. DMSO was added 0.70 gram 
(0.003 mol) 2-nitroisophthalic acid and the resulting 
solution was heated for 24 hours at 100° C. A portion 
of the solution was withdrawn, neutralized with hydro- 
chloric acid and bistrimethylsilyacetamide was added. 
Gas-liquid chromatography of the solution showed only 
the bistrimethylsilyl ester of l-nitroisophthalic acid in- 
dicating that no 2-phcnoxyisophthalic acid was ob- 
tained. Continued heating for an additional 24 hours at 
100° C. also failed to show any displacement by phen- 
oxide radicals. 

The compositions herein described and taught and 
produced in accordance with the invention embraced 
by the claims have many uses. OIne of the more impor- 
tant uses to which these compositions may be put are 
as intermediates in the preparation of other composi- 
tions of matter. In addition, many of the compositions 
herein described and taught, particularly those which 
are liquid at room temperature, may have application 
per se as solvents in the preparation of other organic 
compositions. Furthermore, referring to the simple ar- 
yloxy diesters embraced by the compositions obtained, 
for instance, in Examples 1 to 10 the diesters can be hy- 
drolyzed to give the corresponding dicarboxy deriva- 
tives or the dicyano groups can be hydrolyzed to again 
give the corresponding dicarboxy groups and these 
dicarboxy substituted compounds can be reacted with 
long chain monohydric alcohols, for instance, 2- 
ethylhexanol to give ester compositions which are use- 
ful as plasticizers for vinyl halide resins, for instance r 
polyvinyl chloride resins. 

More particularly, taking as a specific example, one 
can treat the compound, diethyl-4- 
phenoxyphthalonitrile in Example 6 simultaneously 
with anhydrous HCI and approximately two molar 
equivalents of 2-ethylhexanol to give the corresponding 
dicster having the formula 
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boxy compositions can be employed is in the prepara- 
tion of polyester polymeric compositions. As a specific 
instance, the diethyl-2-phenoxyisophthalate of Exam- 
ple 9 can be caused to react with 1 ,4-butanediol in a 

5 manner well known to those skilled in the art to give 
the corresponding polyester which can be case into 
films useful for packaging purposes. 

The tri- and tetra-functional compositions obtained 
in accordance with the practice of the present inven- 

10 tion can be reacted in a manner designed to effect hy- 
drolysis and esterification with the appropriate ingredi- 
ents similarly as described above. Additionally, the 1,4- 
bis-(3,4-dicarboethoxyphenoxy)benzzene of Example 
1 1 can be hydrolyzed in the usual fashion to remove the 

15 ethyl groups on cither end and to obtain the corre- 
sponding tetracarboxy compound of the formula 
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which can be used for plasticizing vinyl halide resins, 
etc. Again, diethyl-4-phenoxyphthalate of Example 1 
can be hydrolyzed to give 4-phenoxyphthalic acid 
which in turn can be esterified with a long chain mono- 
hydric alcohol, such as the aforementioned 2- 
cthylhexanol to give the same diester which can be em- 
ployed for plasticizing various polymers, particularly 
polyvinyl chloride resins. Additionally, these composi- 
tions of matter can also be used as ultra-violet light 
stabililzcrs for polyolefins, cellulose esters and for poly- 
vinyl chloride resins. 
One of the more important uses to which the dicar- 



This composition can then be dehydrated to give the 
corresponding dianhydride which can be used to cure 
epoxy resins. 

The bis(3,4-dicyanopheny!)ether of "Bisphenol-A" 
(Example 12) can be treated to effect hydrolysis of the 
nitrite groups and the corresponding tetracarboxy ether 
can be reacted with long chain monohydric alcohols in 
30 a molar ratio of 4 moles of the monohydric alcohol per 
mole of the tetracarboxy ether. Such an ester can also 
be used for plasticizing polyvinyl chloride resins. If 
there is an ester group instead of a nitrile group on an. 
aryl nucleus, the ester group can be hydrolyzed in a 
35 'manner well knoiwn to those skilled in the art to give 
the corresponding carboxy group and then treated for 
esterification purposes in the manner described previ- 
ously. In a similar manner, other compositions coming 
within the scope of formulas VI, VII and VIII can be 
converted into esters which can be used for plasticizing 
polyvinyl chloride resins. 

One of the more important uses of compositions pre- 
pared by means of the present invention is as interme- 
diates in the preparation of heat-resistant polyimides, 
which have many known uses* Specifically, the diethyl- 
4-(3-aminophenoxy)phthalate of Example 4 can be 
self-polymerized to a polyimide by hydrolysis to the di- 
acid followed by heating in a suitable solvent such as 
N-methylpyrrolidone. Another specific example of 
polyimide preparation utilizes 4,4'-bis(3,4-dicyano- 
phenoxy)diphenyI oxide of Example 17. Hydrolysis of 
the nitrile groups to carboxy groups and dehydration of 
these by heating or reaction with acetic anhydride gives 
the dianhydride which can be caused to react with an 
aromatic diamine, such as 4,4'-diaminodiphenyl oxide, 
to give an aromatic polyimide. Other compositions 
coming within the scope of formula VI can be em- 
ployed similarly in the preparation of polyimides in a 
similar fashion. 

Polymers having mixed functional groups, specifi- 
cally polyesterimides and polyamideimides, can be pre- 
pared from compositions coming within the scope of 
the present invention. These materials have many uses 
as insulating materials. The 2,3 \ 4' tricyanodiphenyl 
ether of Example 2 can be hydrolyzed to the corre- 
sponding tricarboxy ether and converted to a polycs- 
tcrimide or polyamideimidc in a manner well known to 



40 



45 



50 



55 



60 



65 



25 



3,869,499 



(a) 



26 




0 ■- R 1 - 0 




10 



(b) 



R* 



those skilled in the art. ' ! 

In addition to the utilities described previously for 
polymeric compositions derived from the Afunctional 
aryloxy compounds described and taught in the present 
application, these polymeric compositions can also 
have other applications. These polymeric compositions 
may be used to form fibers, films, or molded products. 
Thus, either by extrusion from melt or by depositing 
from solution, fibers derived from these polymeric 
compositions may be formed and used in the prepara- 
tion of various textile materials designed for clothing 
and similar applications. In addition, solutions of the 
polymers can be used to coat electrical conductors for 
insulation purposes. 

Various fillers may be incorporated in the polymeric 
compositions prior to molding thereof. Among such 
fillers may be mentioned glass fibers, carbon black, ti- 
tanium dioxide, silica, mica, bentonite, etc. Molded 
products derived from such a mixture of ingredients 
can be used as gears, handles for cooking utensils, etc. 
The incorporation of abrasive particles such as carbo- 
rundum, diamond powder, etc., makes molded prod- 
ucts derived from such polymeric compositions useful 
as grinding wheels, etc. The addition of carbon, silicon 

carbide, powdered metal, conducting oxides, etc., to 25 where each oxygen in (c) is adjacent to a Z radical in 
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and 
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a commonly shared benzene nucleus and where R' is a 
divalent aromatic radical, Z is the -CN radical. 

2. A compound as in claim 1 which has the general 
formula 





0 - R' - 0 



3. A compound as in claim 1 having the genera! for- 
mula 
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the polymeric compositions results in the so-called re- 
sistance or semiconducting paints which have many 
useful applications. 

The polymeric compositions herein described may 
also be incorporated into other materials to modify the 
properties of the latter. For example, they may be com- 
pounded with substances such as natural or synthetic 
rubbers, natural resins such as rosin, copal, shellac, 
etc.; synthetic resins such as phenol-aldehyde resins, 

alkyd resins, vinyl resins, esters of acrylic and meth- 35 where Z and R' have the meanings defined in claim 1 
acrylic acid, etc.; cellulosic materials such as paper, in- 
organic and organic esters of cellulose such as cellulose 
nitrate, cellulose acetate, cellulose ethers, such as 
methyl cellulose, ethyl cellulose, etc. 

Laminated products may be made by superimposing 
organic or inorganic fiber sheet materials coated and 
impregnated with the polymeric compositions and 
thereafter bonding the sheets under heat and pressure. 
Shaped articles formed from such compositions under 
heat and pressure in accordance with the practices now 
widely used in the plastics art have a number of well' 
known applications such as in the decorative field, 
electrical board field, etc. 

It will of course be apparent to those skilled in the art. 
that other conditions of reaction in addition to those 
specifically described in the foregoing examples may be 
employed without departing from the scope of the in- 
vention. Thus, it is apparent that many of the condi- 
tions outlined previously can be used for making the 
compositions herein described and claimed. Also, it 
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where Z and R' have the meanings defined in claim 1. 

4. A compound as in claim 1 having the general for- 
mula 
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CN 



where Z and R' have the meanings defined in claim 1. 
5* A compound having the formula 

CN 



NC 



h@k ° -igy c < c «3> 2 -<6y ° -(g)- 



CN 



will be apparent that the ingredients chosen for making 
the desired reaction products can be varied widely, 
many examples of which have been given above. 65 

What we claim as new and desire to secure by Letters 
Patent of the United States is: 

1. Compounds of the general formulas 



6. The compound 4,4'-bis'(3,4-dicyanophenoxy) bi- 
phenyl. 

7. The compound 2-chloro-l,4-bis-(3,4-dicyano- 
phenoxy ) benzene. 

8* The compound 4,4'-bis(3,4-dicyanophenoxy) di- 
phenyl sulfone. 
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